| INTRODUCTION
Diseases and economic outcomes are theoretically assumed to be inversely related. Their nature of direct impact on human health and high morbidity and mortality they caused among countries' population make them threat to development activities, productivity and progress in society. Diseases cause "pain, suffering, fear, and dread; loss of working time and income; worry, anxiety, and breakup of families; disruptions in the life and welfare of the community; and costs of care, coping, and prevention," 1 which are capable of depressing growth and development in the economy.
Human immunodeficiency virus/acquired immune deficiency syndrome (HIV/AIDS) is one of the leading causes of morbidity and mortality globally, and particularly in the sub-Saharan Africa, of which West Africa belongs. Estimates of both past and present trends of global HIV/AIDS morbidity and mortality revealed that since early 1980s till 2013, some 75 million people have been infected globally while AIDS deaths, which stood at 36 million in 2013, are projected to reach 75 million by 2030. 2, 3 In West Africa, besides malaria and tuberculosis, HIV/AIDS accounts for large number of morbidity and mortality in the subregion. In 2015, its prevalence among the most productive age group (PAG, these are people who fall within age bracket 15-49 years) was 2.1% in West and Central Africa while around 6.1 million persons were living with the virus in 2016, with 4.71 million of them being in West Africa. 4 In addition, approximately 310 000 AIDS-related deaths occurred while 370 000 new HIV infections were recorded the same year in the subregion. The upsurge in morbidity and mortality occasioned by HV/AIDS has the propensity to shrink the population of young and PAG, thereby leading to direct reduction in the labor force and labor hours supplied by infected persons as well as the total loss of labor services earlier supplied by people who die from AIDS-related causes, which could further decline productivity nationally and globally. [5] [6] [7] [8] It has been reported that in societies where HIV prevalence is high, economic growth rates have been reduced, life expectancy has been cut short, rate of mortality increased, poverty level deepened, number of orphans multiplied, business activities shrank, level of investment declined, public and private health expenditures increased, human resources destroyed, industry and agricultural sustainability hampered while household income level reduced. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Empirical studies across the globe have examined the macroeconomic implications of HIV/AIDS since the early 1980s when the first cases of the disease were reported. However, the conclusions are divergent. While consensus exists on negative and significant relationship between the disease and macroeconomic variables globally, there are mixed findings on the same relationship at cross-country and country-specific levels. Some studies reported negative and significant impact of the disease on gross domestic product (GDP) and/or on per capita GDP growth while others surprisingly found a direct relationship between the epidemic and per capita income growth. Few studies also take a middle stance, by arguing that the HIV/AIDS pandemic does not pose any serious challenge to the growth of nations' economies.
Prominent among studies that fall within the first strand of findings supporting negative effect of HIV/AIDS on economic outcomes include Over, 19 which projected growth trajectories of 30 countries in sub-Saharan Africa over 1990 to 2025 and reported reduction in average annual GDP and per capita GDP growths because of declines in savings and the distribution of the epidemic by productivity class of worker (socioeconomic gradient of the epidemic) on the assumption that at least 50% of treatment costs come from savings. Kambou et al, 9 who used a computable general equilibrium model, reported sizeable negative effects of the disease on GDP growth rate, savings, investment, and exports in Cameroun. Similarly, the works of Cuddington in Tanzania, which built a speculated demographic effect of the disease into a small macromodel of Solow type and assumed full and efficient employment of labor and capital, found reduced GDP and per capita income as a result of HIV/AIDS. 20, 21 Bonnel used the ordinary least square and 2-stage least squares estimators in a study, which examined how HIV/AIDS and economic growth relate in Africa over the period 1990 to 1997 and reported a 0.7% reduction in real GDP because of HIV/AIDS. 22 In cross-economic growth moderately in Nigeria depending on the methodology used as well as the sector of focus. For instance, Abdulsalam 25 developed a macroeconometric model of the Nigerian economy to investigate sectoral impact of HIV/AIDS and reported a declining influence of the disease on output in the agriculture and manufacturing sectors while its impact on output in the oil and gas sector tends to be minimal and in some cases positive.
Contrary to the first view of negative impact of HIV/AIDS on growth reported above, the second stance presupposes that rather than depress growth, HIV/AIDS contributes to increase in per capita GDP. This may sound awkward; however, the argument is that increased mortality caused by the pandemic reduces population, thereby leading to increase in per capita GDP. According to Over, 19 "if the only effect of the AIDS epidemic was to reduce the population growth rate, it would increase the growth rate of per capita income in any plausible economic model."
Young 26 discovered a 1% rise in per capita consumption in South Africa as a result of HIV/AIDS. According to the author, AIDS-related deaths enhance future per capita consumption possibilities of "the South African economy."
In the same vein, Bureau for Economic Research 27 also showed between 0.28% and 0.43% higher real per capita GDP growth with AIDS compared to the period without AIDS in its study. Although these results may not be unconnected with the prevalence variable used, the study area, period covered as well as technique of estimations adopted, population decline because of AIDS-related deaths has also been explained as one of the factors contributing to direct relationship between HIV/AIDS and level of income per capita. Greener 28 notes that the death of "large numbers of workers in the formal sector with relatively high incomes" which could be replaced from available surplus labor from the informal sector could raise average income. According to the author, neoclassical growth model predicts that when the growth rate of the working population declines, capital-labor ratio could rise, which could increase marginal product of labor and wage level.
Aside from the two strands of findings reported above, some studies take the middle position, thereby showing that HIV/AIDS does not have any significant effect on the growth rate of GDP or per capita GDP, and therefore does not pose any threat to economic growth. 16, [29] [30] [31] [32] [33] The findings reported under the three divergent views of how HIV/AIDS affects growth presented above might have been influenced by several factors. For instance, while some of them used data points covering periods when there were no reported cases of the disease, 9 others used model specifications that failed to correct for factors that could distort how both HIV/AIDS and growth of real per capita income relate. Mahal, 32 referring to the study by Bonnel, 22 noted that there is the tendency for the coefficients of the variables used to proxy HIV by the author not to be robust under different specifications of the growth equation, because the HIV/AIDS variable was made a quadratic term in the specification. Furthermore, some of the studies lack sound theoretical and methodological foundation while others assumed full and efficient employment 20, 21 in African economies where high rate of unemployment is prevalent. Cuesta 33 also observed in his study on Honduras that "critical factors that slash economic growth in Africa (such as human capital reductions and shifts in relative skills) are not strong in" a country like Honduras where no effect of the disease on GDP growth was reported in spite of 2% HIV prevalence. In addition, most of the studies used only HIV prevalence, whereas there are other measures such as incidence, total morbidity, and mortality caused by the disease that could be used as measures of HIV/AIDS.
| HIV/AIDS AND ECONOMIC GROWTH IN WEST AFRICA: STYLIZED FACTS
Currently, HIV/AIDS data are presented jointly for West and Central Africa by UNAIDS. 34 A careful study of the statistics shows the subregion occupying the third position regarding the burden of HIV/AIDS after Southern and Eastern Africa. 18 With respect to country-specific HIV/AIDS figures, data from UNAIDS 4, 34 show that prevalence among the PAG across the 11 countries of focus as well as incidence for all age groups in most cases are above 1%, with the highest prevalence of 6.3% in 2000 and incidence of 4.63% in 1990 for Cote d'Ivoire. In 2016, prevalence among the PAG ranged from 1% and above, with the exception of Burkina Faso, which recorded 0.8%. Guinea-Bissau had the highest prevalence of 3.1%, which may not be unconnected with the new and aggressive HIV strain discovered in the country that has the potential to develop faster and rapidly into a full-blown AIDS within 5 years than the parent strains. 
| Economic performance in West Africa
Economic performance in West Africa varies from country to country. Although fluctuating, evidence from World 
| MATERIAL AND METHODS
The augmented Solow model, which is rooted in the neoclassical growth theory, and specified as a dynamic panel data model, was used for this study. The Solow model is a neoclassical growth model. It uses 3 inputs (capital, labor, and knowledge/effectiveness of labor) into production process, with which output is attained. In other words, there are 4 distinct variables in which 3 (capital, labor, and knowledge) are explanatory/independent and 1 (output)
is explained/dependent. It assumes constant returns to scale and diminishing returns to each input. What makes the Solow model unique is the incorporation of knowledge variable, which captures human capital, the variable which is completely absent in the classical growth model. In addition, it assumes technological progress, which is assumed to be exogenous. Technological progress explains the long-run growth in an economy, which cannot be accounted for by physical capital accumulation. Although the exogenous assumption of technological progress has been criticized by the endogenous growth theory, the model has continued to receive greater attention in growth literature, particularly in the area of cross-country studies. Additionally, empirical works have justified some of the assumptions of the theory, which have not been refuted by any work(s). Moreover, endogenous theory has been observed as an extension of the neoclassical (exogenous) theory, with little alteration of its assumptions without changes to the fundamental factors that influence growth, and as such does not actually expand the existing concept of growth.
For a comprehensive discussion and derivation of the Solow model, see Mankiw et al 40 and Romer. 41 HIV/AIDS was measured using incidence, prevalence, number of people living with HIV/AIDS (PLWHA), and AIDS-related deaths. All data used for analysis are secondary. The study covers 11 West African countries (Benin Republic, Burkina Faso, Côte d'Ivoire, The Gambia, Ghana, Guinea, Guinea-Bissau, Mali, Nigeria, Sierra Leone, and Togo) for which data were available and prevalence being above 1%.
| Ethics guidelines
Ethics approval is not required because of the secondary sources of all the data used for analysis in this study as shown in Table 2 .
| Empirical model specification
Two variants of growth models were specified in this study. The first incorporated HIV/AIDS variables into the growth model while the second model contained human capital measure through which HIV/AIDS affects growth. 
Theoretically, λ 1 + 0; λ 2 …λ 4 < 0 while λ 5 …λ 8 > 0.
| Model 2
Theoretically, β 1 > 0; β 2 …β 4 < 0; while β 5 …β 7 > 0.
μ i represents country-specific effects and ѵ it the remaining stochastic disturbance term, which is assumed to be normally distributed and has a zero mean with constant variance. The implication symbolically is that μ i ∼IID 0; σ 
| Panel data modelling issues

| Dynamic panel modeling and estimation technique
Several "economic relationships are dynamic in nature and one of the advantages of panel data is that they allow the researcher to better understand the dynamics of adjustment," 42 which are easily handled through dynamic panel data (DPD) modeling. The DPD modeling approach is well suited particularly when issues such as autocorrelation (which is caused by the inclusion of a lagged dependent variable as one of the regressors/independent variables), correlated specific effects (which is peculiar with heterogeneity/variation among the cross sectional units), and orthogonality (when the regressor is unrelated to the error term or when the regressors are not correlated with one another) are obvious. Autocorrelation also known as serial correlation occurs when the dependent variable correlates/associates/relates with its lag/previous value or when the error terms correlates. For instance, in Equation (3), Y it is a function of ε it , and at the same time, Y it − 1 is also a function of ε it . In this case, the results (coefficient estimates) that
emerge from estimating the model may be biased, inefficient, inconsistent, and unreliable. Panel data modeling is able to deal with this problem.
A DPD model can be specified as:
The term ε it could further be disaggregated into:
which is a 1-way error component (in a 1-way modeling, each cross-sectional unit has its own constant term;
however, the slope estimates are constrained across units).
A 2-way error component.where i indicates the cross-sectional units and t shows the time dimension. α is a scalar, and β is a K × 1 vector of coefficients of explanatory variables. 
| Estimation technique
Three techniques of estimation (estimators) were used in this paper. They are first difference (FD), difference generalized method of moments (GMM), and system GMM. First differencing a model helps to eliminate country effects, making it easier to "handle correlation between the predetermined explanatory variables and the remainder error" 42 and producing efficient results while difference GMM, which was developed by Arellano and Bond, 44 produces an unbiased and more efficient estimates than FD estimator. However, the system GMM developed by Blundell and Bond 45 produces better estimates than difference GMM because it uses both lagged and level variables as instruments, which helps to increase efficiency of the estimate. The procedure is to instrument variables in levels with appropriate lags of their own first differences, with the assumption that the differences are not correlated with the unobserved country effects. 46 
| EMPIRICAL RESULTS AND DISCUSSION
The summary statistics presented in Table 3 
| Results of empirical model analysis
Two forms of findings are presented in this section. Firstly, the shock of HIV/AIDS on growth was established directly through the inclusion of HIV/AIDS measure as one of the explanatory variables in the growth model. This is basically to capture the epidemiological environment that affects economic growth. On the other hand, the second scenario saw HIV/AIDS impact on growth determined through its effects on human capital, using interactive variable methodology.
From the table, the coefficients of all HIV measures returned by first difference and difference GMM estimators were insignificant. However, results from system GMM estimation produced negative coefficients with 3 out of the 4 being statistically significant. The coefficient of HIV incidence and prevalence were significant at 1% and 5%, while coefficient of persons living with the virus was significant at 10% level.
Outcomes of the analyses involving other variables in the model appear in Appendix A. They revealed negative influence of lagged per capita GDP growth on its current value. However, only the coefficients returned by the first difference estimation were statistically significant; others were not. The relationship between fixed capital and economic growth remained positive and highly significant across all specifications. Averagely, between 0.03 and 0.07 percentage point increases in growth emerged from a percentage rise in fixed/physical capital. The positive and significant impact of fixed capital on economic growth produced by all specifications suggests that fixed capital formation is very important for growth in the subregion of West Africa.
Primary enrolment associates positively with economic growth in the subregion across nearly (92% of) all specifications. However, only 36% of these coefficients were statistically significant at 5% level while the remaining were significant at 10%. Trade openness relates positively with the level of growth, having 67% of the 12 coefficients being statistically significant. About 0.11 unit increase in growth occurred from a unit rise in trade openness. The influence of dependent population on growth in West Africa remains negative, but only 2 out of the 12 coefficients were significant (Table 4) . Dependent variable = growth rate of per capita GDP (purchasing power parity).
***, **,* denote significance at 1%, 5%, and 10% levels respectively. 
| Impact of HIV/AIDS on economic growth through human capital
The results presented in Table 5 show the influence of HIV/AIDS on economic growth through its impact on life expectancy (a measure of human capital in the area of health). Evidently, the effect of the disease on growth through its impact on life expectancy overwhelmingly remained negative. Nevertheless, only the findings produced by system GMM were significant. About 0.15 significant unit decline in per capita income growth resulted from the negative effects of a unit increase in HIV incidence on life expectancy. This value however reduced to approximately 0.02 unit with HIV prevalence. Furthermore, when number of persons living with HIV/AIDS was introduced, the coefficient fell to about 0.004. In the same vein, around 0.03 unit marginally significant decline in growth was recorded because of a unit rise in AIDS-related deaths in West Africa. The results returned by system GMM are consistent with the findings of Dauda, 18 which discovered that HIV/AIDS appears to be a threat to life expectancy in West Africa. 
Concerning other variables in
| Diagnostic/post estimation test results
The results of the tests can be found in Appendices A to C. The Wald chi-square tests for all the estimations were highly significant, indicating joint significance of the entire model/the variables used for analysis. In the same vein,
Hansen chi-square statistic, which tries to test for overidentifying restrictions, was insignificant, which means that the instruments used in the analysis were valid and truly exogenous. Moreover, autocorrelation test failed to reject the null hypothesis of no autocorrelation, which is evident from the values of the probabilities of both AR (1) and AR (2) . As expected, while the AR (1) result was significant, that of AR (2) produced an insignificant result. Dependent variable = growth rate of per capita GDP (purchasing power parity).
***, **,* denote significance at 1%, 5%, and 10% levels respectively while probabilities are in parenthesis.
| DISCUSSION OF RESULTS
This section discusses the findings that emanated from the various analyses performed in the study. The discussions are based strictly on the outcomes of system GMM estimations because findings resulting from estimations using FD and difference GMM were not statistically significant, except in the cases of control variables.
The overwhelming evidence suggests that HIV/AIDS has negative impact on the level of growth in West Africa through its negative effect on life expectancy going by findings from system GMM estimation. However, the magnitude of the coefficients was lower when its effect on growth was established through life expectancy than the case when its variable appears directly in the growth model. The effect of the disease on growth through school enrolment was negative but insignificant. The findings are consistent with outcomes of some previous studies carried out in other parts of Africa and beyond. Some of which found negative and significant effect of the disease on growth, 9, 16, 17, [23] [24] [25] and others, which reported insignificant impact of the pandemic on growth. 29, 30, 32, 47, 48 The 21.9%, 25.0%, and 27.2% respectively, while the highest prevalence in Eastern Africa the same year was 6.5% in Uganda. However, in West Africa, the highest HIV prevalence in 2016 was 3.1% in Guinea-Bissau. These explain why the disease poses more threats on economic outcomes in these 2 subregions than in West Africa. However, the negative and significant effect of the virus on life expectancy in West Africa through which it depresses growth minimally also calls for policy intervention to prevent its further spread.
Regarding other variables of the model, enrolment and fixed capital significantly increased economic growth in West Africa. This suggests that the level of income in the subregion can be improved through rigorous investment in education and physical capital. The only issue with fixed capital in most West African countries is its expensive nature because greater percentage is imported from advanced economies, which is made worse with the high exchange rate. Moreover, the maintenance of the imported capital equipment is expensive because they have to depend on expatriates to maintain a good number of them. The only solution could be found in effort to look inward and develop some of the imported equipment locally. But countries in the subregion find it difficult to form capital because of low level of income, savings, and other factors.
Trade openness generally showed direct association with growth in West Africa. However, most of the coefficients were statistically insignificant, which implies that trade policies canvassed for developing countries appear not to be yielding desirable results in West Africa. The reason for this may not be far to seek. A large number of Dependent variable = growth rate of per capita GDP (purchasing power parity).
the countries that constitute the subregion are net importers, and as such, trade appears not to have provided enough and significant progress in this part of the world. Another reason for this outcome could be explained by the dependency of these countries on advanced societies not only for capital equipment but also for consumption commodities, because most West African countries are not industrialized. All kinds of foreign made goods find their way into this part of the world, and the culture currently appeared to be geared towards consumption of foreign produced goods because of several reasons such as demonstration effect and better quality. Furthermore, prices of the primary products exported by West Africa are very low compared to the capital and industrial commodities brought into the subregion. Labor force influenced growth positively but insignificantly. This is a paradox because labor in West Africa is abundant and cheap. This notwithstanding, greater proportion of the subregion's labor force is not skilled and therefore engaged in the informal agriculture, other informal sectors as well as shadow economy, whose greater percentage of earnings is not captured in the GDP. Moreover, Nigeria, which accounts for over 50% of the size of the entire subregion, depends heavily on the oil sector for foreign exchange earnings and revenue generation, which is extremely capital-intensive and engaged very low proportion of the labor force.
It is insightful also to note that lagged per capita GDP returns negative sign in a good number of the estimations, meaning that an indirect relationship exists between economic growth and level of previous income per capita. The coefficients, however, were not significant in most cases. This relationship may not be unconnected with the low level of income in this part of the world. In addition, it appears that incomes of the majority of African countries are not geared towards growth-related activities, rather on consumption. This has been one of the reasons their recurrent expenditure continues to outweigh capital expenditure every year. Some studies have also reported negative and even significant relationship of previous per capita income on its current value. For instance, Knight et al 49 who tested the neoclassical theory of economic growth, using a panel data approach, discovered that lagged per capita income for all countries and developing countries affects per capita income negatively and significantly in their estimation. Similarly, Bond et al 50 reported a similar result in their work. Others who found negative and significant association of per capita GDP and lagged per capita income include Mbaku and Kimenyi 51 and Masanjala. 52 It should also be noted here that the results of these studies were based on the test of income convergence among nations of the world as predicted by the Solow model.
| CONCLUSION AND POLICY RECOMMENDATION
Results presented in the study showed clearly that the impact of HIV/AIDS on growth is pronounced through its effect on life expectancy (a measure of human capital in the area of health) rather than its effects on other human capital measures. And this is only applicable to system GMM. Results returned using first difference and difference estimating techniques were not significant. Moreover, the effect of the disease on growth through education variable was insignificant in all estimating technique, which presupposes that HIV/AIDS is not a threat to education in the West African subregion. Thus, the general conclusion drawn from the present study is that HIV/AIDS does not pose major threat to growth in West Africa, except through its effect on life expectancy. In view of this, it is important that the spread of HIV/AIDS in West Africa should be effectively contained while efforts should be made to provide
proper treatment for all infected persons in West Africa.
| Limitations and suggestions for further research
The findings reported in this paper notwithstanding, certain limitations are observed. For instance in most studies, the methodology used has great influence on the findings. Therefore, the use of endogenous growth or regional computable general equilibrium models may be considered for similar study while heterogeneous panel technique can also be adopted. Time series property check like panel unit roots can be carried out on the variables. Finally, further studies
